Three methods for the recovery of Chlamydia pneumoniae from spiked nasopharyngeal and blood specimens, including extended culture and additional centrifugations, were compared. Additional centrifugations and a 7-day culture time resulted in a 500-to 5,000-fold increase in the number of detectable inclusion-forming units.
concentrations were used to attain an easily countable number of inclusions.
Venous blood was collected from four healthy volunteers, inoculated with C. pneumoniae as described above, aseptically transferred to Vacutainer CPT cell separator tubes (Becton Dickinson, Franklin Lakes, N.J.), and processed as recommended by the manufacturer. After washing, the mononuclear cells were resuspended in 3 ml of sterile normal saline.
All specimens were then sonicated at 50 Hz for 15 s and held on ice until needed.
The three culture methods were compared as follows. HEp-2 cell-seeded shell vials were divided into groups corresponding to each culture method. One group of shell vials was pretreated with 7% PEG for 1 h at 37°C as previously described (10) .
Each spiked specimen was divided into three aliquots-one for each culture method (standard, PEG pretreatment, and trypsin pretreatment). One aliquot of each specimen was pretreated with 0.1% trypsin for 30 min at 37°C as described by Kazuyama et al. (5) . The remaining aliquots were left untreated. The specimen aliquots were inoculated into the appropriate shell vials, centrifuged, and incubated for 3 days. The coverslips were then fixed and stained, and the IFU were counted as described above.
In order to test enough replicates for statistical analysis, 96-well trays were used for all other experiments. Six 96-well trays were seeded with HEp-2 cells. NP and blood specimens were collected and processed as described above. A 50-l volume of each spiked specimen was inoculated onto eight untreated and eight PEG-pretreated monolayers as previously described (10) . The row between each specimen set was not inoculated and served as a negative control for carryover or contamination between sets of specimens. The trays were centrifuged and incubated as described above for either 3 days, 7 days, or 7 days with additional centrifugation on days 3, 4, and 5 and with medium refreshment on day 3.
At the appropriate time point, the monolayers were fixed and stained, and the inclusions were counted as described above. In order to determine the increase in IFU after extended culture time and multiple centrifugations, a serial dilution titration was performed on infected HEp-2 cells harvested from a well for each culture method.
All analyses were performed by nonparametric procedures. The Wilcoxon rank sum test was used when comparing two methods. The Kruskal-Wallis test was used when comparing three methods. A P value of 0.05 or less was considered significant.
Preliminary experiments with the three culture methods showed no significant differences in recovery of C. pneumoniae for NP mock specimens (data not shown). For spiked blood specimens, the PEG pretreatment method may have improved recovery, although the small sample size precluded definitive conclusions (data not shown). No significant difference was seen in recovery of C. pneumoniae between the trypsin pretreatment and standard methods. Since the trypsin pretreatment method did not improve recovery from either specimen type, it was not evaluated further.
Repeating the 3-day culture comparison of the standard and PEG pretreatment methods failed to show a significant difference in recovery from either type of spiked mock specimen (Table 1) .
Extending culture time to 7 days without additional centrifugations did not improve recovery by either culture method (Table 2) . However, extending the culture time with additional centrifugation on days 3, 4, and 5 dramatically increased the number of inclusions seen for both culture methods ( Table 2) . Titration of the cells harvested from wells after 7 days of culture with additional centrifugation showed a 500-to 5,000-fold increase in inclusions for both PEG-pretreated and unpretreated wells (data not shown). No inclusions were detected in the uninoculated control wells.
Extension of culture time to 7 days with additional centrifugations increased recovery of C. pneumoniae from mock specimens for both the standard and the PEG pretreatment culture methods, in agreement with the observations reported by Tjhie et al. (10) . Tjhie et al. suggested that the additional centrifugations allowed for elementary bodies from lysed host cells to initiate new rounds of infection (10) . This is likely, since centrifugation upon initial inoculation is necessary for C. pneumoniae to efficiently infect host cells (6) . Extension of culture time to 7 days without additional centrifugation did not significantly improve recovery of C. pneumoniae from the mock specimens. Comparable numbers of inclusions were seen on days 3 and 7, which is in agreement with data reported by others (7, 10) .
In this study, PEG pretreatment did not improve recovery of the organism over the standard method for NP mock specimens and only improved recovery from mock blood specimens in the first experiment. Subsequent experiments using more replicates for each specimen showed that PEG pretreatment did not increase the number of IFU detected. Trypsin pretreatment did not significantly change recovery from either type of mock specimens, contrary to data reported by Kazuyama et al. (5) . The experiments described by Kazuyama et al. included a range of trypsin concentrations, and the recovery results varied with each concentration and strain used (5) . It is possible that the trypsin concentration needs to be optimized in each laboratory for this method to function properly.
The mock specimens used in this study were spiked with C. pneumoniae CM1, a laboratory-adapted strain. Culture-positive patient specimens are difficult to obtain, making an evaluation such as this study with true patient specimens difficult to perform. In addition, C. pneumoniae strains isolated from patient specimens may require growth conditions different from those of laboratory-adapted strains (7) . For these reasons, the findings of this study should be confirmed with true patient specimens.
